In a recent paper, we raised a question on the validity of Feynman's prescription of disregarding the Pauli principle in intermediate states of perturbation theory. In the preceding Comment, Cavalcanti correctly pointed out that Feynman's prescription is consistent with the exact solution of the model that we used. This means that the Pauli principle does not necessarily apply to intermediate states. We discuss implications of this puzzling aspect.
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PACS number͑s͒: 03.65. Ϫw, 11.10.Ϫz, 11.15.Bt, 12.39.Ba In a recent paper ͓1͔, we tested Feynman's prescription ͓2͔ of disregarding the Pauli principle ͑PP͒ in intermediate states of perturbation theory. The system of the model consists of a particle bound in a given potential together with its vacuum background. We used Dirac's hole theory ͑HT͒ in Ref. ͓1͔ and we continue to do so until we turn to quantum field theory ͑QFT͒ toward the end of this paper. We are interested in the second-order energy shift of the system caused by an external perturbation. We compared two methods of calculation, I and II. Method I takes account of PP in intermediate states whenever it is applicable. In method II, PP is completely ignored. We examined the one-dimensional bag model with a Hamiltonian of the form of HϭH 0 ϩV(x), where H 0 is for a Dirac particle in the bag and V(x)ϭx is an external perturbation. We found that the two methods lead to different results. We traced the source of the discrepancy to an alternating infinite series that is involved in method II; see Eq. ͑6͒ below.
In the preceding Comment ͓3͔, Cavalcanti showed that, if the mass m of the particle is zero, the Dirac equation H(x)ϭ⑀(x) of the model can be solved exactly and that the eigenvalue ⑀ is independent of perturbation x. This result itself, i.e., the energy shift is zero when mϭ0, is consistent with the result of our method II. As Cavalcanti correctly pointed out, method II in which Feynman's prescription is used is consistent with the exact HT solution of the model. Method I in which the PP is enforced in every step leads to an energy shift that differs from the exact one.
We can put Cavalcanti's comment in a more general perspective. Consider two systems that are, respectively, associated with the following two Dirac equations:
H n ϭ⑀ n n , HϭH 0 ϩV. We assume that the energy levels are discrete and nondegenerate. The systems do not have to be in one dimension and the mass does not have to be zero. We call the above two systems the unperturbed and perturbed systems. It is understood that there is one-to-one correspondence between perturbed and unperturbed solutions.
Consider the situation such that the lowest positiveenergy state and all the negative-energy states are occupied. Then the energies of the two systems are, respectively, given by
The sum over the negative-energy states is the energy of the vacuum background. This sum diverges for both E and E 0 . We are, however, only interested in the energy shift due to perturbation V, i.e., EϪE 0 . We define this difference as the sum of the differences of the corresponding terms, e.g., ⑀ Ϫ j Ϫ⑀ 0,Ϫ j . The energy shift so defined is finite for the model used in Ref. ͓1͔ but it may still diverge in other cases as we will point out later. If Eqs. ͑1͒ and ͑2͒ are both solvable, the energies of the two systems are given by Eqs. ͑3͒ and ͑4͒. The E of Eq. ͑4͒ is the exact energy of the system in the presence of perturbation V. Now suppose ͑or pretend͒ that Eq. ͑1͒ is solvable, but not Eq. ͑2͒, and one attempts to solve Eq. ͑2͒ by perturbation theory. One starts with ⑀ 0,n and attempts to reach ⑀ n . One follows the standard prescription of perturbation theory including all intermediate states. In going from ⑀ 0,n to ⑀ n , the system is treated as a one-body system. In this case the series of Eq. ͑6͒ does not appear.
Apart from the problem concerning PP discussed above, the HT has another problem in the first-order effect. This has nothing to do with PP. The first-order energy shift is the expectation value of V in the unperturbed state. In the example of Ref. ͓1͔, we assumed V(x)ϭx so that the firstorder effect vanishes. For a V(x) of a general form, the expectation value does not vanish. In fact it diverges because of the infinite number of particles in the vacuum. This is unphysical. This divergence cannot simply be subtracted away because it is a quantity that depends on the external perturbation.
Let us now turn to QFT. The HT and QFT are usually considered equivalent to each other. At the end of Sec. II of Ref. ͓1͔ we stated: ''In this way the whole language of HT can be transcribed into that of QFT.'' Cavalcanti's comment made us realize that HT and QFT are actually not equivalent for our example and probably also for some other examples. QFT has no difficulties that we found in HT. The first-order energy shift is zero. This is simply because the Hamiltonian of QFT is of the form of a normal product. No negativeenergy particles appear in QFT. The QFT vacuum contains no particles or antiparticles. In the second order, unlike in HT with terms of Eq. ͑6͒, no transtitions between negativeenergy states appear in QFT. 
